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Description 

Reld of the Invention . - c^«« v « 

This invention relates to a new cyclohexane derivative, more particularly new derivative of 3,5-dioxo- 
5 cvclohexanecarboxylic acid, having high plant-growth regulating activities and to process for the 
preparation of said cyclohexane derivatives. This Invention also relates to a plant-growth regulating 
composition comprising said cyclohexane derivative as the active ingredient, and further to a method of 
regulating the growth of a plant using said cyclohexane derivative. 

w Background of the Invention m . . , 

Various chemical compounds have been used for regulation of the growth of plants with a chemical 
substance, so called for the purpose of "chemical control" of the plant-growth. For ^ example, maleic 
hvdrazide (MH), N,N-dimethylaminosuccinic amide (known as Daminozide or B-Nine> and 2-cnloroetnyl tri- 
methyl ammonium chloride (known as Chlormequat or CCC) have been employed fore retardation of plant- 

15 growth, for controt of emergence of sideshooting or for prevention of lodging of plants. These known 
compounds, however, have various drawbacks that their uses are restricted in respect of the locus, plants 
and time which can effectively be treated with them, that their plant-growth regulating effects are 
insufficient or unstable, that they are phytotoxic, and/or they are too expensive. 

We have made extensive studies in an attempt to provide new plant-growth regulators which are free 

20 from the aforementioned drawbacks of the known plant-growth regulators. As a result we have now found 
that certain new cyclohexane derivatives which we have now newly synthetized exhibit some remarkable 
plant-growth regulating effects and are free from the drawbacks as described above. 

EP— A— 126 713, published after the filing date of the present patent application, discloses compounds 
which are in part similar to those being claimed here, as well as their use as herbicides and plant-growth 

25 regulators. 

Detailed Description of the Invention „*t h * 

According to an aspect of this invention, therefore, there is provided a cyclohexane compound of the 

general formula: 

o #° 

Rojjy v cr 1 (i) 

35 



40 



50 



55 



60 




wherein (i) R is a hydrogen atom or an alkyl group and then R 1 is an alkyl group, an unsubstituted I or 
substituted benzyl group, a phenethyl group, a phenoxymethyl group or a 2-thienylmethyl group, or (ii) R is 
an alkylthioalkyl group, a phenyl group or substituted phenyl group and then R 1 is an unsubstituted or 
substituted benzyl group, a phenethyl group, a phenoxymethyl group or a 2-thienylmethyl group; or a salt 
of said cyclohexane compound (I) with an inorganic or organic cation; with the proviso that when a 
compound of formula I is such that R is hydrogen or alkyl and R 1 is alkyl, then said compound is in the form 

45 of a salt thereof. . . _ 

The alkyl group which R may represent in the general formula (I) includes those containing 1 to 8 
carbon atoms, for example, methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, tert-butyl, n- 

pentyl, and iso-pentyl groups. 

The alkyl group which R 1 may represent includes those of 1 to 8 carbon atoms, such as methyl, ethyl, n- 
propyl, iso-propyl, n-butyl, iso-butyl, n-pentyl, n-hexyl, n-heptyl and n-octyl groups. 

The substituent on the unsubstituted phenyl group which R may represent, as well as the substituent 
on the substituted benzyl group which R 1 may represent may be a lower alkyl group of 1 to 4 carbon atoms 
such as methyl; halo group such as chloro; and a lower alkoxyl group of 1 to 4 carbon atoms such as 

methoxy. „. , ... . 

Typical examples of the cyclohexane compounds of the general formula (I), which are herein claimed 
or whose salts are herein claimed, are listed in Table 1 below, where the physical properties of each 
compound are also indicated. 



65 



3 



Compound 
No. 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 




R 

C 2 H 
n-C 3 H 

1-C4H9— 
S-C4H9— 

t-C^g — * 

CH 2 — 
C 2 Hg — 
n-CsHr- 



it 



CH 3 — 

C 2 H^- 

n-C 3 H7- 

i-C 3 Hr- 

n-C4Ht)— 

i-C 4 Htf- 

S-C 4 Hg- 

i-C s H in - 
C 2 Hs— 



it 



it 



CD 




Physical Properties 
m.p. 40 - 42°C 
m.p. 43 ~ 44°C 
m.p. 98~100°C 
n |o . L4991 

m.p. 39 - 40°C 
m.p. 36 ~ 37°C 
m.p. 76 — 77°C 
m.p. 49 ~ 50°C 
m.p. 55 ~ 56°C 
n£° = 1 .4960 
m.p. 55 ~ 56°C 
m.p. 98 ~ 99°C 



n-C 3 Hr- 


m.p. 116-119-0 




ng° = 1.5025 




m.p. 34 - 35°C 


a 


ng° = 1.5010 


a 


n£° = 1.4941 


a 


ng° = 1.4930 


a 


n|° = 1.4958 




n|° = 1.4893 




ng° = 1.4885 




n|» = 1.4898 


n-C4Hg— 


n3° = 1.4943 


i-C 4 Hg— 


n g° = 1.4948 


n-CsH-j ! — 


n|° « 1.4878 


n-CeHjai — 


n|° = 1.4803 



4 



t 



10 



20 



25 



35 



45 



27 
28 

29 



31 

32 
33 
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TABLE 1 



Compound 

No. R R 1 Physical Properties 



it 



15 30 



n-C 8 H ir - = 1-1650 



C 2 H<- <' V- CH 2- 



Q- 



m.p. 67 ~ 68°C 



m.p. 80 ~ 81°C 



0CH o - m.p. 66 ~ 68°C 



CHr- rn.p. 139 ~ 141°C 

rH m.p. 77 ~ 77.5°C 

34 t-CH,,- C 2 Hs- m.p. 67 ~ 69°C 



CjHs — -CH2-^^-OCH 3 m.p. 74~75°C 



36 » _ CH2 -^-CI m.p.78~79°C 



CI 

37 - -C^-^ 



ng° = 1.5610 



38 « -CHg 



-0,43 



m.p. 61 ~ 63°C 



Amongst the particular compounds of Table 1, the following compounds are preferred in this 
so invention. 

(1) Compound No. 8: 3,5-dioxo-4-propiony level ohexanecarboxylic acid methyl ester; 

(2) Compound No. 9: 3,5-dioxcH4-propionylcyclohexanecarboxylic acid ethyl ester; 

(3) Compound No. 10: 3,5-dioxo-4-propiony level ohexanecarboxylic acid n-propyl ester; 

(4) Compound No. 13: 3,5-dioxo-4-butyrylcyclohexanecarboxylic acid; 

55 (5) Compound No. 15: 3,5-dioxo-4-butyrylcycl ohexanecarboxylic acid ethyl ester; 

(6) Compound No. 16: 3,5-dioxo-4-butyrylcyclohexanecarboxylic acid n-propyl ester; 

(7) Compound No. 17: 3 f 5-dioxo-4-butyrylcyclohexanecarboxylic acid isopropyl ester; 

(8) Compound No. 18: 3,5-dioxo-4-butyry level ohexanecarboxylic acid n-butyl ester; 

(9) Compound No. 21 : 3 r 5-dioxo-4-butyrylcyci ohexanecarboxylic acid isopentyl ester; 

60 (10) Compound No. 22: 3 f 5-dioxo-4-isobutyrylcyclohexanecarboxylic acid ethyl ester; and 

(11) Compound No. 32: 3,5-dioxa4-isobutyrylcyclohexanecarboxylic acid. 

For plant-growth regulators to be applied onto grass swards, it is usually required that they should 
have a particularly improved safety in their stimulus for human's skin and eye since they are frequently 
used for treatment of swards planted in golf links, parks or yards so that they are likely to be brought into 
65 direct contact with human bodies. 
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Through our further studies, we have found that such a class of the new cyclohexane derivative of the 
general formula (I) which is represented by the following general formula (la) 



10 




(la) 



is 



wherein R 2 represents a hydrogen atom or an alkyl group and R 3 represents an alkyl group can provide 
such a salt with an inorganic or organic cation which exhibits a significantly reduced stiumuls to skin and 
eye of the animal or human, as compared to the similar salt of the another classes of the new cyclohexane 
derivative according to the general formula (I), with retaining their excellent plant-growth regulating 

©ff 6 cts 

According to a preferred embodiment of the first aspect of this invention, therefore, there is provided a 
salt of cyclohexane compound of the general formula: 



20 




(la) 



25 



wherein R 2 represents a hydrogen atom or an alkyl group and R 3 represents an alkyl group. 

The salt of the new cyclohexane compound according to the general formula (la) may be any of the 
following three types: 

(i) A salt of the cyclohexane compound represented by the general formula: 



30 



35 




(lb) 



40 



wherein R 2 and R 3 are as defined above and M represents an organic or inorganic cation, 
{ii) A salt of the cyclohexane compound represented by the general formula: 



45 




(IC) 



wherein R 3 and M are as defined above. 

(iii) A salt of the cyclohexane compound represented by the general formula: 



so 



55 




(Id) 



60 



^T^^i^^^ W. is as defined hereinbefore anj I preferabjy ' ? a Hydrogen 

SnTan SV^& aluminium, copper, nickel, manganese ** iron and silver. The 
organic cation may be a substituted ammonium ion represented by the formula. 
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R 4 R 6 

\ / 
N® 

/ \ 
R a 7 

wherein R 4 , R 5 , R 6 and R 7 each represents a hydrogen atom or an alkyl, a hydroxyalkyl, an alkenyl, benzyl, a 
halogen-substituted benzyl, pyridyl or an alkyl-substituted pyridyl group, or R 4 and R s taken together form a 
polymethylene group which may optionally be interrupted by an oxygen atom. 

Typical examples of the various salts of the formula (lb), (Ic) or (Id) according to this invention are 
shown in Tables 2 — 4 below. 

TABLE 2 




COR* 



(lb) 



Compound 

No. R 2 



R 3 



M 



Physical Properties 



25 



30 



35 



40 



45 



39 CH 3 
40 



41' 
42 
43 
44 
45 
46 
47 
48 



it 



5 



it 



tt 



ft 



rt 



CH 3 



tt 



n-Q,H 7 
CH 3 



tt 



C 2 Hg 



91 



tt 



tt 



H a N e {Ca!l 4 OH) 2 



tt 



OH 
I 

H 2 N®(CH 2 CHCH 3 ) 2 
H 2 N®(C 2 H 4 0H) 2 



H 2 N®{C2H 5 ) 2 



H 2 N®(n-C3H 7 ) 2 

H a N«(1-C,H 7 ) a 
H 2 N®(C 2 H 4 OH) 2 



m.p. 88 ~ 91°C 
m.p. 85 ~ 86°C 



m.p. 90 ~ 92°C 

m.p. 62 ~ 64°C 

(see Table 5 given later) 

(see Table 5) 

(see Table 5) 

m.p. 76 ~ 80.5°C 

m.p. 42 ~ 44.5°C 

m.p. 76 ~ 78°C 
(see Table 5) 



so 



55 



60 



49 
50 
51 
52 
53 



tt 



tt 



tt 



t$ 



t* 



tt 



OH 
I 

H 2 N®(CH 2 CHCH 3 ) 2 
H 2 N®(CH 2 CH=CH 2 ) 2 
H 2 N®(n-C 4 H 9 ) 2 
H 2 N®(i-C 4 H 9 ) 2 
H 2 N®(CH 2 CH— C 2 H 5 ) 2 
(CH 2 ) 3 



m.p. 91 ~ 94°C 

(see Table 5) 

m.p. 94~96°C 

(see Table 5) 

refractive index 
ng 5 = 1.4965 



CH 



3 



65 



1 
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TABLE 2 



Compound 
No. 



M 



Physical Properties 




54 
55 



56 



57 
58 

59 
60 



61 



62 



63 

64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 



li 



it 



tt 



ll 



tt 



it 



tt 



ll 



tl 



tt 



tt 



ft 



tt 



tt 



tt 



tt 



tt 



tt 



tt 



it 



It 



it 



It 



ll 



it 



tt 



tl 



it 



It 



it 



ll 



II 



n 



tt 



H 2 N®(n-C 12 H M )a 

^N®H 2 

/ 

C*H S 
H 3 N®(t-C 4 H 9 ) 

HN®(C 2 H S ) 3 

* 

HN®(C 2 H 4 OH) 3 



m.p. 62 ~ 63°C 



CH 3 
N — ' 



% Mg 2 ® 
Yt Cu 2 ® 
ttNi 2 ® 
Vi Ca 2 ® 



i-CaH} 



K® 

H 2 N®(C 2 H 5 ) 2 
H a N®(C 2 H 4 OH) a 

Na® 
K® 

Vi Ca 2 ® 
% Fe 3 ® 
Vi Al 3e 

H 2 N®(C 2 H 4 OH) 2 



m.p. 63 ~ 65°C 

refractive index ng° =» 1.5069 
refractive index n| s » 1.5098 
m.p. 53 ~ 56 C C 

refractive index nj 8 - 1.5505 
m.p. 55 ~ 56°C 



m 



.p. 55 ~ 57°C 



m.p. 75 ~ 76°C 



m.p. 67 ~ 68°C 

m.p. 184-188°C 

m.p. 203 ~ 206°C-(decomp.) 

m.p. >290°C 

{see Fig. 1) 

(see Fig. 2) 

(see Fig. 3) 

m.p. 63 - 65°C 

m.p. 51 ~ 53°C 

(see. Fig. 4) 

(see Fig. 5) 

m.p. 157 ~ 159 6 C 

refractive index n|° = 1.5475 

refractive index n£° = 1.5294 

m.p. 71 - 73°C 



8 
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TABLE 3 




CR 



(Ic) 



Compound 
No. 


R 3 


M 


Physical Properties 


78 


n-CaHy 


HN^C^HsJs 


retractive maex np — i.oio* 


79 




(HOC 2 H 4 )N®(CH 3 ) 3 


refractive index n|° = 1.5118 


80 




H 2 N®(C 2 H 5 ) 2 


refractive index n|° = 1.5172 


81 


it 


H t N e (CaH40H) a 


refractive index ng° = 1.5330 


82 


C2H5 


H 3 N®(n-C 3 H 7 ) 


(see Rg. 6) 


83 


it 


(C 2 r^ ^ N®HCH 2 -^^- C I 


refractive index n|° = 1.5392 


84 


it 


H 2 N®(C 2 H 4 OH) 2 


refractive index ng° = 1.5283 


85 


it 


Na® 


melting point 225°C (decomp.) 


86 


11 


K® 


m.p. 200 ~ 205°C 



TABLE 4 




CR 



(Id) 



Compound 
No. 



R 3 



M 



Physical Properties 
m.p. 240 C C (decomp.) 

refractive index ng° = 1.5351 
(see Rg. 7) 

refractive index n|° = 1.5261 



87 
88 

89 



C 2 H ! 



n-C^H- 



Na® 

H 2 N®(C 2 H 4 OH) 2 
Na® 



9 
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In the accompanying drawings. Figs. 1, 2, 3, 4, 5, 6 and 7 show infrared absoprtion spectra of 
Compound Nos. 67, 68, 69. 72, 73, 82 and 88, listed in Tables 2—3, respectively. 

Table 5 below shows the analytical results of nucler magnetic resonance spectra (m CDCI,) of some of 
the compounds according to this invention which are indicated with reference to Compound Number as 
5 shown in Tables 2—3. 

TABLE 5 



Characteristic peaks for particular radicals in N.M.R. Spectra 



10 



is 



20 



25 



30 



35 



40 



45 



50 



55 




60 
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o o" 

Ctf 3 CH 2 OC-, --CCH 2 Ctf 3 , H 2 ^(CHAt 
m, 12H, 0.89-1.39 ppm 



10 



IS 



CH 3 C/V 2 OC— : q, 2H, 4.15 ppm 
W 2 N®(CH 2 CH 3 ) 2 : s, 2H, 8.97 ppm 



e 



COCH 2 CH 3 : m, 11H, 2.52^3.16 ppm 



2a 



48 



CH 2 CH 2 OC— : tri, 3H, 1.24 ppm 



25 



30 



35 



40 



45 



50 



CH 3 O/ 2 00— : q, 2H, 4.18 ppm 
H 2 N®(CH 2 C/y 2 OH) 2 : m, 4H, 3.69 ppm 
/y 2 N e (CH 2 CH 2 0/y) 2 : s, 4H, 6.36 ppm 
O 

-~CCH 2 C/V 3 : tri, 3H, 1.09 ppm 

O e H 2 N®(CH 2 CH 2 OH) 2 

{ -{ y- COCH 2 CH 3 : m, 11 H, 2.51 *V 3.18 ppm 



C/y 3 CH 2 OC— : t, 3H, 1.23 ppm 



50 



55 



60 



CH 3 C// 2 OC— : q, 2H, 4.13 ppm 
O 

— CCH 2 C# 3 : t, 3H, 1.10 ppm 
H 2 N e — : s , 2H, 10.0 ppm 
H 2 N e (CH 2 CH-C// 2 ) 2 : m, 6H, 5.00 ~ 6.16 ppm 
H 2 N®(CH 2 CH=CH 2 ) 2 : d, 4H, 3.26 ppm 

{ COCH 2 CH3 : m, 7H, 2.69 ^ 3.17 ppm 
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45 



Amongst the particular compounds of Tables 2-4. the fo.lowing compounds are preferred in this 
inVe S n Compound No. 48: t Bis-<2-hydroxy*hy.>lammonium sa.t of ethyl. 3.5-dioxo-4-propiony.- 

S^oTou^ salt ° f 3^ioxo^prop,ony.- 

^r^ U S 1C No dd 49: t Bis-( 2 -hydroxypropy.)lammon iu m salt of ethy, 3.5-dioxo-4-propionyl- 
^'^mpoSShe genera, formu.a (I) can be prepared by a method briefly depicted according to 
the following reaction equations: 



50 



O CQ 2 R basic jj 

H ! ~~ « reagent p " 
CH 3 CCH 2 CHCH 2 -C0 2 R „ ROC 



(ID 



Acid 




ROC 




(III) 



(IV) 



55 



60 



Compound 
(III) or 
(IV) 



O 

R -C-Cl 



(V) 




Catalyst 



ROC 



(VI) 0 
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wherein R and R 1 are as defined hereinabove for the general formula (I) and M' is an alkali metal. 

The 3,5-dioxo-cydohexanecarboxylic acid alkyl ester alkali metal salt of the above formula (III) may be 
prepared by reacting an acetonylsuccinic acid di-alkyl ester compound of the formula (II) with a basic 
reagent in a suitable solvent. This cyclization reaction can be carried out at a temperature ranging from 
5 room temperature to the boiling point of the solvent used for period of 1 to 10 hours. The basic reagent to 
be used in this reaction includes an alkali metal alcoholate such as sodium methylate, sodium ethylate and 
potassium tert-buthoxide or an alkali metal hydride such as sodium hydride. Examples of the solvent used 
here may be methanol, ethanol, benzene, toluene, xylene, N,N-dimethylformamide, dimethylsulfoxide and 
dimethylcellosoive. 

io The 3,5-dioxo-cyclohexanecarboxylic acid or its alkyi ester compound of the formula (IV) can be made 
by treatment of the compound (III) prepared as above with an acid such as hydrochloric acid. 

The compound of the above formula (VI) can be prepared by condensing the compound (III) or (IV) in 
an inert organic solvent with an organic acid chloride of the formula (V) where R 1 is as defined herein- 
before, in the presence or absence of y-picoline and in the presence or absence of a base. This 

is condensation reaction may be carried out at a temperature in the range of from -20°C to the boiling point 
of the solvent when used, and preferably at or below ambient temperature. The reaction time may vary 
from 10 minutes to 7 hours depending upon the reaction conditions employed. The base which may 
optionally be used in this reaction includes any of such acid-binding agents which are generally employed 
for the conventional dehydrohalogenation, for examples, organic bases such as trimethylamine, triethyi- 

20 amine, diethylamine, dimethylamine or pyridine and inorganic bases such as sodium or potassium 
hydroxide. The solvent available for this reaction may include water and/or organic solvents such as 
toluene, benzene, xylene, dichioromethane, 1,2-dichloroethane, chloroform, carbon tetrachloride, N,N- 
dimethylformamide, dimethylsulfoxide and methylcellosolve. This condensation reaction is conveniently 
performed with the aid of y-picoline which will act as phase transition catalyst when using water and 

25 organic solvent as the reaction medium. 

The new compound of the formula (I) according to this invention can be produced by subjecting the 
intermediate compound of the above formula (VI) to a rearrangement reaction in the presence of a catalyst 
and an organic solvent at a temperature from room temperature to the boiling point of the solvent for a 
period of 1 to 10 hours. The catalyst to be used for this rearrangement reaction includes pyridine 

30 derivatives such as 4-N,N-dimethy!aminopyridine r 4-N,N-diethylaminopyridine and 4- 
pyrolidinoaminopyridine; or N-alkylimidazole derivatives such as N-methylimidazole and N-ethylimid- 
azole. 

The new compound (I) of this invention can be prepared without isolation or purification of said 
intermediate compounds (III), (IV) and (VI). 
35 According to a second aspect of the this invention, therefore, there is provided a process for the 
process for the production of a cyclohexane compound of the general formula (I): 



O P O 

II/ V II i 

ROC-/ V- CR X (I) 




45 which comprises the steps of: 

(a) reacting a compound of the formula (III): 

o - OM ' 

II 

roc— < y (in) 




55 

or a compound of the formula (IV): 



o - OH 




II 

Roc — ( y (iv) 
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wherein R is as defined above and M' is an alkali metai atom, with an organic acid chloride compound of 



the formula (V): 



10 



is 



20 



25 



30 



35 



40 



(V) 

wherein R 1 is as defined above, in an organic solvent and/or water as the reaction medium in the presence 
or absence of a base as an acid-binding agent to produce the compound of the formula (VI): 

) 



ROC 




OCR' 



(VI) 



wherein R and R 1 are as defined above. - 

(b) subjecting the compound of the formula (VI) to an intermolecular rearrangement in the presence of 
a catalyst which is chosen from 4-N,N-dimethylaminopvridine, 4-N,N-diethylaminopyridine ; 4-pyrolidino- 
aminopyridine, N-methylimidazole and N-ethylimidazole to produce the compound of the formula (I): 




(I) 



wherein R and R 1 are as defined above, and . 

(c) if appropriate, reacting the compound of the formula (I) with an inorganic or organic cation to 
produce the salt of the compound (I) with said inorganic or organic cation. 

As an alternative, such new compounds of the formula (I) where R is an alkyl group may be prepared 
by esterification of the corresponding free carboxylic acid compound according to the following briefed 
reaction scheme: 




+ R"OH 



Halogenating 
agent 




Ue) 



(VII) 



(If) 



wherein R' represents an alkyl group and R 1 is as defined hereinbefore in the formula (I). 

Thus, the compound of the formula (If) can be produced by a method comprising the reaction of the 
compound of the formula (le) with a halogenating agent in the presence or absence of a solvent and in the 
presence or absence of a base as an acid-binding agent, followed by a further esterification reaction of the 

so acid halide derivative as formed with an alkanol (R'OH) of the formula (VII) in the presence or absence of a 
base. The reaction with the halogenating agent may be conducted at a temperature ranging from -20 o to 
the boiling point of the halogenating agent or of the solvent when used, and preferably at a temperature of 
from -10°C to 100°C for a period of 1 0 minutes to 7 hours to give an acid halide derivative of the compound 
(le). The halogenating agent to be used for the above purpose may be thionyl chloride, phosphorus tn- 

55 chloride, phosphorus pentachloride and phosphorus oxychloride. As the solvent which may be used for the 
halogenation reaction, there may be mentioned dichloromethane, chloroform, carbon tetrachloride, 
benzene, toluene, xylene and the like. 

The subsequent reaction of esterifying the acid halide derivative with the alkanol (VII) may be carried 
out at a temperature of -20°C to 100*C for a time of 10 minutes to 48 hours. The base which is conveniently 

so used for the halogenation and esterification includes those which have generally been employed for the 
conventional dehydrohalogenation as the acid-binding agent in the art and may be selected from organic 
bases such as triethylamine, pyridine, N,N-dimethylaminopyridine and N,N-dimethylanil.ne; and inorganic 
bases such as sodium hydroxide, potassium carbonate and sodium bicarbonate. The esterification with the 
alkanol (VII) may be conducted after or without separation of the intermediate acid halide derivative from 

65 the reaction medium. 
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The salts of the new cyclohexane compounds of the formula (I) or (la) acordlng to the invention can be 
prepared as follows: 

Thus, for example, an organic or inorganic salt of the new cyclohexane compound may be produced by 
reacting in an organic solvent a compound of the general formula (I) or (la) with one or two or more 

5 equivalent proportions of a salt-forming reagent which is chosen from a primary, secondary or tertiary 
amine, a metal alcoholate, or a metal salt such as a chloride, sulfate, nitrate, acetate or carbonate; or 
hydride or hydroxide of a metal, for example, an alkali metal such as sodium, potassium; an alkaline earth 
metal such as calcium, magnesium, barium; aluminium, nickel, copper, manganese, cobalt, zinc, iron or 
silver. When the compound (I) or (la) is reacted with one equivalent proportion of the salt-forming reagent, 

10 either the salt formed will be in the form of the salt of the general formula (lb) as indicated in Table 2 when 
the group R or R 2 in the compound of the formula (I) or (la) is alkyl, or the salt formed will be in the form of 
the salt of the general formula (lc) as indicated In Table 3 when R or R s is hydrogen in the compound (I) or 
(la). If two or more equivalent proportions of the salt-forming reagent is reacted with the compound (I) or 
(la), the salt as formed will take the form of the general formula (Id) as indicated in Table 4, when R or R is a 

is hydrogen atom in the compound (I) or (la). 

The new compounds of the formula (I) or (la) according to this invention may possibly undergo a 
tautomerism and may be present in the form of tautomeric isomers as shown below, which fall within the 
scope of this invention. 



20 



ZOG 



25 




(I*> 




(I") 



30 



35 




// 



OH 
Y 



(I-') 0 



40 



wherein Z denotes R or R 2 as defined hereinbefore and Y denotes R 1 or R 3 as ; defined hereinbefore 

Further, in an aqueous solution, the new compound salt of the formula (lb) or (lc) according to this 
invention may possibly change as shown below: 



45 



50 




COR 




COR 



It may be added that when the cyclohexane compound of the formula (la) where R 2 is an alkyi group, is 
reacted with a primary, secondary or tertiary amine which may be represented by the formula 



55 



60 



R 4 

/ 

N — R 5 

\ 

R 6 



(Vlil) 



where R 4 R 3 and R 8 are each as defined hereinbefore but all of R 4 , R 5 and R 6 cannot be each a hydrogen 
atom simultaneously, there is formed such salt of the compound (la) which may be deemed as the 
substituted ammonium salt of the formula 
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further when the cvclohexane compound of the formula (la) where R a is a hydrogen atom is reacted 
^X*Ts^°<£?Z^ri amine of the formula (Vi.i). there is formed such salt of the compound 
(la) which may also be deemed as the substituted ammonium salt of the formula 



^ H 




COR 



In Tables 2-4, the salts of the new compounds with amine are represented as the type of the 
substituted ammonium salt as shown just above. •_ m „„„■»«, ,u. Mn « aa 

The plant-growth regulating effects of the new compounds of the general ^ 0 ^'^ ) ^ s . a Jf^oL1 a tive 
here nbefore defined are manifested predominantly as a stunting or dwarfing effect on the vegetative 
gfowt , o?p?anff but otoer various ptant-growth regulating effects may be manifested by ^ngthe 
nature of plants to be treated and the means, times and rates of apphcat.on of the 
Such planEgrowth regulating effects which may be induced by the n ^"^^ n '^^ , ^S 
nromotion of rootinq, reduction in risk of lodging, promotion of sideshooting and root grovwn, 
mam\enance of green color of stems and leaves, promotion or delay of flowering, promotion of fruiting and 
ripenmg?and°ncrease in resistances to temperature hindrance to phytotoxicity •caused ^y herb.cdes and 
to fungal or bacterial diseases. These various effects are not always manifested at a time. 

The new compounds (including the salts) of this invention can control internode elongation of cerea Is 
and prevent or reduce lodging of rice, wheat, barley, maise and the other crop-plants by folia ge and/or ^oil- 
treatment. Application of the compound of this invention to seedlings of aquatic nee and growing 
vegetables can lead to an improvement in quality, rooting after transplanting, and resistance to low 

temperature. wjth ^ new compound during the vegetative stage of crop plants, e.g. aquatic 

rice, wheat and barley also includes shortening of top leaves or improvement in leaf orientation and hence 
increases in light interception and utilization which will enhance the ripening and increase the overall grain 

^ eld Moreo'ver! the Compound of this invention may suppress spindly growth of flowers, ornamental plants 
and horticultural plants which may be caused due to high temperature or sunshine shortage in plantation 

3 The^mpounds of the invention which exhibit the above-mentioned plant-growth regulating effects 
are very useful not only for agricultural and horticultral treatment but also for control of plant growth in 
non-crop lands. For instance, when the compound of this invention is applied onto lawns in park, playing 
field, golf link, airport or embankment or undergrowth grasses in orchard or pasture land, it is Possible to 
inibit the overiuxuriant growth, to reduce the number of reaping and/or to facilitate the mowing operations 
as usually required for maintenance. Further, application of the new compound of this invention onto 
swards can promote sideshooting and increase the planting density of swards. 

The compounds of this invention may be used as such for plant-growth regulating purposes but are 
more conveniently formulated into compositions for such usage. According to a third aspect ot tnis 
invention, there is thus provided a plant-growth regulating composition comprising a compound of the 
qeneral formula (I) or a salt thereof, as hereinbefore defined in combination with a earner or diluent 

The invention also provides a method for regulating the growth of plant, which comprises applying an 
effective amount of cyclohexane compound of the formula (I) or a salt thereof of this invention to the 
foliage or seed of the plant to be treated or to the soil or locus where the plant to be treated is grown 

The compounds and salts can be applied in a number of ways, for example, they can be applied, 
formuleted or unformulated, directly to the foliage of a plant, or they can be applied also to bushes and 
trees, to seeds orto other medium in which plants, bushes or trees are growing or are to be planted, orthey 
can be sprayed on, dusted on or applied as a cream or paste formulation, or they can be applied as slow 
release granules. 
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The compounds are preferably used for agricultural and horticultural purposes in the form of a 
composition. The type of composition used in any instance will depend upon the particular purpose 
envisaged* 

The compositions may be in the form of dusting powders or granules comprising the active ingredient 
and a solid diluent or carrier, for example fillers such as kaolin, bentonite, dolomite, calcium carbonate, 
talc, powdered magnesia, Fuller's earth, gypsum, diatomaceous earth and China clay. 

The compositions may also be in the form of dispersible powders, granules or grains comprising a 
wetting agent to facilitate the dispersion in liquids of the powder or grains which may contain also fillers 

and suspending agents. . 

The aqueous dispersions or emulsions may be prepared by dissolving the active ingredient(s) in an 
inorganic solvent optionally containing wetting, dispersin or emulsifying agent{s) and then adding the 
mixture to water which may also contain wetting, dispersing or emulsifying agentte). Suitable organic 
solvents are kerosene, cyclohexanone, methylethyl ketone, acetone, methanol and acetonitrile. 

The compositions may also be in the form of liquid preparations for use as dips or sprays which are 
generally aqueous dispersions or emulsions containing the active Ingredient in the presence of one or 
more of wetting agent(s), dispersing agent(s), emulsifying agent(s) or suspending agent(s). These agents 
can be anionic or non-ionic agents. 

The compositions for use as aqueous dispersions or emulsions are generally supplied in the form or a 
concentrate containing a high proportion of the active ingredient(s), and the concentrate is to be diluted 

with water before use. „ , . , 

The plant-growth regulating composition of this invention may usually be formulated into a wettable 
powder comprising 5 to 95%, preferably 10 to 50% by weight of the new compounds of this invention as 
active ingredient; 1 to 20%, preferably 5 to 10% by weight of surfactant; and 4 to 94%, preferably 40 to 85% 
by weight of solid carrier. 

The composition of this invention may be formulated into an emulsifiable concentrate comprising 5 to 
95% preferably 20 to 70% by weight of the new compound of this invention as active ingredient; 1 to 40%, 
preferably 5 to 20% by weight of surfactant; and 4 to 94%, preferably 10 to 75% by weight of liquid carrier. 

The composition of this invention may be made up as granules comprising 0.5 to 40%, preferably 2 to 
10% by weight of the new compound of this invention as active ingredient; 1 to 20%, preferably 2 to 10% 
by weight of surfactant; and 40 to 98.5%, preferably 80 to 96% by weight of solid carrier. And, the 
composition of this invention may be formulated into dust comprising 0.5 to 10%, preferably 1 to 5% by 
weight of the active ingredient; and 99.5 to 90%, preferably 99 to 95% by weight of finely divided solid 
carrier. 

The composition of this invention may also be formulated into a paste comprising 0.1 to 20%, 
preferably 1 to 10% by weight of the active ingredient, 1 to 20%, preferably 2 to 10% by weight of 
surfactant; and 60 to 98.9%, preferably 80 to 97% by weight of paste base. 

The rate of application of the new compounds of this invention for use in the purposes of plant-growth 
regulation will normally depend on various factors, including nature of plants to be treated, application 
time and application means. In general, however, the rate of application may be in the range of 0.01 kg to 
50 kg per hectare and preferably of 0.05 kg to 10 kg per hectare as the active ingredient. 

For the purpose of preventing or reducing lodging of crop plants such as wheat, the rate of application 
may desirably be in a range of 0.1 kg to 1 kg per hectare as the active ingredient For the purpose of 
suppressing the growth of swards in non-crop lands or undergrowth-grasses in orchards, the rate of 
application may be in a range of 0.5 kg to 5 kg per hectare as the active ingredient. For the purpose of 
regulating the growth of aquatic rice plants, the rate of application may be in the range of 0.5 kg to 5 kg per 
hectare as the active ingredient when it is applied to the soil, and the formulations to be applied to the 
foliage of aquatic rice plant may contain the active ingredient at a concentration of 100 ppm to 5000 ppm. In 
general, the composition of this invention may be formulated into a diluted or dilutable preparation 
containing the active ingredient at a concentration of 10 ppm to 10,000 ppm and preferably of 100 ppm to 
5000 ppm for use in the foliage treatment. ^ _ _ 

This invention is now illustrated with reference to the following Examples to which this invention is not 

limited. 

Example 1 

Preparation of Compound No. 15, namely ethyl 3,5-dioxo-4-butyrylcyclohexanecarboxylate 

To 1 50* ml of ethanol containing 3.4 g of sodium was added dropwise 31 g of diethyl acetonylsuccinate 
(or diethyl acetmethy I succinate) over about one hour with stirring at ambient temperature. The mixture 
was heated under reflux for 2 hours and then cooled to room temperature, followed by distillation off of the 
ethanol under reduced pressure. There was thus obtained a brown viscous liquid comprising sodium salt 
of ethyl 3,5-dioxocyclohexanecarboxylate as formed, to which were added 100 ml of toluene, 50 ml of ice 
water and 0.3 g of n-picoline and then added dropwise 15 g of n-butyryl chloride at ambient temperature 
under agitation over about 2 hours. The resultant reaction mixture was agitated for further 30 minutes and 
then the toluene layer was separated, washed with water, dried and admixed with 0.8 g of 4-N,N-dimethyl- 
aminopyridine. The admixture was heated with agitation at a temperature of 80— 90°C for 3 hours. The 
toluene was then distilled off from the reaction solution under reduced pressure and the residue was 
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chromatographed on a column of silica gel developed with benzene to give 19.5 g (55.9%) of the object 
'™E£££^M^ 4-38 could be prepared by the same procedure as described in Examp.e 



1. 

Example 2 



10 



is 



20 



25 



txampie & 

nation of Compound No. 23. o.™ ly ^^^^^tTSS^SSU^M «a» 

the aqueous phase, dried and concentrated to ^mallvolume. addition of 0.6 g of 4-N,N-di- 

The concentrated solution was taken up in 20 mh "J* lXeq U entl?. the toluene 
methyl-aminopyridine and heating at « * m £^ * f 7e3uced prelum and the residue was 

TtSS^^^ 22 9 (71 - 9%) of the aimed 

Mm Ki^dTs.1-2^?nd Nos. 23-38 cou.d be produced by the same procedure as stated in 
Example 2. 

Example 3 

Preparation of Compound No. 45 (see Table 2) . dissolved in 20 ml of chloroform, to 

1.0 g of ethyl 3^iox<>^propionylcydohe^necartoxylate ^ s d 'S^eo^^ a|lowedto 8ta nd 

which was then added 1 .0 g of diethylamme as the ^^Xofo^ and the excess of diethylamine were 
at room temperature for two hours, * e ^ wh, **^ ch '^ m to a S me object compound 

distilled off from the reaction solution under reduced P«s»u» * £f ta 901 
(Compound No. 45) as a pale brown solid and represented by the formula 



30 ~P u xt© 



35 




( O w .H 2 N w (C 2 H 5 ) 2 



C 2 H 5 OC-^ M-COC 2 H 5 



40 



Example 4 

Preparation of Compound No. 48 (see Table 2) dissolved in 50 ml of ethanol and 1.7 g 

point of 7&— 78°C. 

Example 5 

50 

Preparation of Compound No. 57 5_djoxo-4-propionylcyclohexanecarboxylate 
1.0 g of triethylamine was added to 1.0 '9 °f ethyl J^XwId to stand at ambient temperature 
dissolved in 20 ml of chloroform and *^^^J^ 8 ^ K from the reaction solution under 

55 No - 571 in the form of brown 

liquid with a refractive index ng° = 1.5098. 

Example 6 



60 



65 



Preparation of Compound No. 67 ^^nwirvrlohexanecarboxylate was dissolved in water, 

P 1.0 g of potassium salt of ethyl 3 '^ 0 ^ overnight to effect the 

colorless powder having a melting point of 213-215X. 
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Example 7 

Preparation of Compound No. 68 

To 8.4 g of ethyl 3,5-dioxo-4-propionylcyclohexanecarboxylate dissolved in 80 ml of ethyl ether was 
added dropwise under agitation at room temperature 50 mi of ethanolic solution containing 1.4 g of 
5 sodium hydroxide. After completion of the addition, the precipitated crystal was collected by filtration and 
dried. Recrystallization from a mixed solvent of ethanol and hexane gave 7.2 g of the desired sodium salt 
compound as colorless needles with a melting point of 178.5 — 179.5°C. 

Example 8 

w Preparation of Compound No. 72 

2.0 g of ethyl 4-butyryl-3,5-dioxo-cyclohexanecarboxylate was added into ethanol containing 0.53 g of 
sodium ethyl ate, and the mixture was allowed to stand at room temperature for 3 hours. The ethanol was 
then distilled off from the reaction solution under reduced pressure to yield 2.17 g of the desired sodium 
salt as a pale yellow amorphous solid. 

15 

Example 9 

Preparation of Compound No. 78 (see Table 3) 

1.3 g of 4-butyryl-3,5-dioxo-cyclohexanecarboxylic acid was dissolved in 20 ml of methanol and 0.58 g 
of triethylamine was added to the solution. The mixture was allowed to stand overnight at ambient 
20 temperature, after which the methanol was removed from the reaction solution by evaporation under 
reduced pressure to leave 1.8 g of the object compound (Compound No. 78) as a pale yellow viscous liquid 
with ng° = 1.5182. 

The above procedure was repeated using choline in place of the triethylamine to give Compound No. 

79. 

25 

Example 10 

Preparation of Compound No. 81 

1.0 g of 4-butyry!-3,5-dioxo-cyclohexanecarboxylic acid was dissolved in 20 ml of methanol and 0.4 g 
of diethanolamine (HOCH 2 CH 2 ) 2 NH was added to the solution. The mixture was allowed to stand at room 
30 temperature for 3 hours and the methanol was then removed from the reaction solution by evaporation 
under reduced pressure to give 1.4 g of the desired compound as a pale brown viscous liquid with n|° = 
1.5330. This product was of the formula: 

35 

<HOC 2 H 4 ) 2 N ® -O e -C-^ ^-CO-n-C 3 K 7 

40 




Example 11 

Prepa of SKStataiL was added to 2.1 g of 3, Wioxo^propiony.cyclohexanecarboxyMc acid 
dissolved in 30 ml of ethanol, and the mixture was heated under reflux for 3 hours. Thereactioii 'solution 
so was then cooled and filtered to leave a crystal, which was recrystallized from ethanol to give 2.2 g of the 
desired compound as pale yellow flakes with a melting point of 225'C (decmp.). 

Example 12 

Preparation of Compound No. 87 (see Table 4) . 

ss 1 4 a (6 6 m moles) of 3,5-dioxo-4-propionylcyclohexanecarboxyl.c acid was d.ssolvedin 30 ml of 

ethanol, 9 and O.TgTe 6 m moles) of anhydrous sodium carbonate was added to the solution. The resultant 
rnix^Cre was heated under reflux for 6 hours, after which the reaction solution was cooled and filtered 
to Tale alUal. Recrystallization of the crystal from a mixture solvent of ethanol, medianol^ and hexane 
gave 1.3 g of the desired di-sodium salt compound as a pale yellow powder hav.ng a melt.ng point of 240°C 

60 (decomp.). 

Example 13 

PreP 2%Tof t^^^o^n^o^lo -id was dissolved in a ^"^ m «* m ~«l"? 
65 water (1:1). to which was then added 0.72 g of sodium hydroxide. After complete dissolution of the latter. 
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brown viscous liquid with ng° - 1.5261. 

Example 14 

*?Stt2&El with water and admixed with a, dilute aqueous „d«nj~^ 
solution to remove the acidic matters from the reaction solution. The organic >^ ™" was taken 
from the aqueous phase, dried and concentrated to a small volume. The concentrator^ MhttonwwhMM 
™7n 20 ml of toleune, followed by addition of 0.5 g of ^N,N^imetMa = pvnd ne ^"jjg*; 
mixture at 85°C for 3 hours. Thereafter, the toluene was removed from J*ie. mdran ^^SSSSSi 
under reduced pressure, and the residue was chromatographed on srfica gel using I benwne a * dev *°P' n 9 
solvent to afford 2.5 g of the title compound (Compound No. 9 of Table 1> as colorless flakes having a 
melting point of 55— 56*C. 

Example 15 

Preparation of ethyl 4-n-butyryl-3,5-dioxocyclohexanecarboxylate toluene 
28.8 g of sodium salt of ethyl 3,5-dioxocyclohexanecarboxylate was ; admixed with ,100 ml of toluene 
and 50 ml of ice water, and to the resulting suspension was + added OS g of y-picolme. To the mixture 
obtained was added droowise 15 g of n-butyry chloride with stirring over about two hours, ^ a™ 
ZSEt XiXSZ Sued toYe stirred foVJo minutes. The toluene 
aqueous phase, dried and concentrated to a small volume. The concentration sokihon 
20 ml of toluene and 0.8 g of 4-N.N-dimethylaminopyridine was added to *e solution, wh * 
heated at 80-90"C under agitation for 3 hours. Thereafter, the toluene was ^ved from th i Mtfon 
solution by distillation under reduced pressure, and the residue ^.* ro J^"g'?f ™' t 
developing with benzene to yield 19.5 g of the title compound (Compound No. 15 of Table 1) as pale yellow 

^ZXulST^e^riluXTXe the preparation of the composition according to this 
invention, in which parts are ail by weight. 

Example 16 

W Tl P 3o n in the form of wettable powder was prepared by mixing 

10 parts of Compound No. 39. 85 parts of kieselguhr, 2 parts of sodium d.naphthylmethanesulfonate and 6 
parts of sodium lignosulfonate. 

Example 17 

40 Emulsifiable concentrate tHo m ivturft until all 

An emulsifiable concentrate was made up by mixing the ingredients, and stirnng the mixture until an 

the constituents were dissolved. 
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Compound No. 40 


30 parts 


45 


Cyctohexane 


20 parts 




Polyoxyethylenealkylaryl ether 


11 parts 


SO 


Calcium alkylbenzenesulfonate 


4 parts 




Methylnaphthalene 


35 parts 



Example 18 

55 '^composition in the form of grains was prepared by uniformly mixing and gMingta^r 5 parte of 
Compound No. 41. 2 parts of sodium laurylsulfate, 5 parts of sodium lignosulfonate, 2 .parts ot 
caKmethylcellul'ose and 86 parts of clay, followed by addition of 20 P^^J~"£ZfJZ 
mixture. The resultant mixture wes milled and formulated into grains of 14-32 mesh size by means of an 

60 extrusion granulator. 

Example 19 

DUS 4 n p 9 ar^ ^Compound No. 42, 5 parts of kieselguhr and 91 parts of clay were homogeneously mixed and 
65 ground together to formulate into a dusting powder. 

20 
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Example 20 

Paste formulation , _ „ . . - nar + ^ 4 ^ Aana 

A paste formulation was prepard by mixing uniformly 5 parts of Compound No. 43, 1 part of xylene, 
. 5 parts of polyoxyethylenesorbitan monolaurate and 89 parts of white vaseline as paste base. 
5 The following Examples illustrate the plant-growth regulating effects of the compounds according to 
this invention. 

Example 21 

This Example illustrates the retardation effect of the compounds of this invention on the growth of 

w aqua^ nco P 1 ™*^ rKjnmage « variety) at the two-leaf stage were treated with the compounds of this 
invention under test Thus, the compounds were formulated into a wettable Powder Wared n 
Example 16 and the wettable powder was diluted with such a volume of water that 1000 I of the diluted 
aqueous preparations as sprayed gave the rate of application of 1 kg of the active ingredient per hectare 

15 upon the foliage treatment by spraying. . . h * _ tfims 

On the day of the application and 3 weeks after the application of the ^compounds. the length , of stems 
and leaves of the treated plants were measured, and retardation of growth was calculated by the following 
equation:— 



20 



25 



B 

Retardation (%) - (1 ) x 100 

A 

A = (Foliar length in untreated plots 3 weeks after application) — (Foliar length in untreated plots on the day 

B =^FonlrTe n ngth in treated plots 3 weeks after application) - (Foliar length in treated plots on the day of 

application) 

The test results are set out in Table 6 below. 
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TABLE 6 






5 


Compound 
No. tested 


Retardation 
(%) 


Compound 
No. tested 


Retardation 
(%) 


41 


65 


73 


66 




42 


52 


74 


72 


10 


43 


46 


75 


70 




44 


44 


76 


62 


75 


45 
46 


61 
60 


77 
78 


65 
59 




47 


62 


79 


63 


20 


48 


64 


80 


57 




49 


63 


81 


72 


25 


50 
51 


60 
62 


82 
83 


69 
66 




52 


59 


84 


70 


30 


53 


65 


85 


49 




54 


64 


86 


58 


35 


55 
56 


65 
60 


87 
88 


58 
61 




57 


57 


89 


68 


40 


58 


60 


90 


57 




59 


65 


91 


73 


45 


60 
61 


63 
62 


92 
93 


70 
65 




62 


70 


94 


71 


SO 


63 


66 


95 


67 




64 


67 


CCC 

(Comparative) 


0 


55 


65 


64 


B-Nine 

(Comparative) 


0 




66 


71 


MH 

(Comparative) 


41 



60 



The results of Table 6 indicate that rice plant height can be controlled by the application of the new 
e5 compounds of th^ invention and thus spindly growth of rice plant can be prevented. 
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Example 22 

This Example illustrates the stunting effect of the compounds of this invention on the growth of grass 
swards. 

Creeping bentgrass [Agrostfs stofonffera) ("Seaside" Variety) and Japanese iowngrass (Zoysia 
japontca) of 2 cm in height were sprayed with the diluted aqueous preparations containing the compounds 
of this invention. The diluted aqueous preparations as used were prepared by formulating the compounds 
into wettable powder as in Example 16 and diluting the wettable powder with such a volume of water that 
1000 I of the diluted aqueous preparation as sprayed gave the rate of application of 1 kg of the active 
ingredient per hectare upon the foliage treatment by spraying. 

5 Weeks after application of the compounds, assessment was made and percentage of retardation was 
calculated in the same way as described in Example 21. Phytotoxicity was also assessed for some of the 
test compounds and indicated by the following scales: 



15 
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25 



Scales 



Degree of Phytotoxicity 





Not detected 


± 


Small 


+ 


Middle 


++ 


Great 


+++ 


Kill 



The test results are shown in Table 7 below. 



TABLE 7 



50 



55 



60 



30 




Retardation (%) 


Phytotoxicity 




Compound 
No. tested 


Creeping 
bentgrass 


Japanese 
iowngrass 


Creeping 
bentgrass 


Japanese 
Iowngrass 


35 


40 


45 


68 








48 


51 


58 








68 


53 


59 






40 


84 


49 


54 








88 


40 


43 






45 


MH (Com- 
parative) 




37 




+ 



65 



From the results of Table 7 as above, it will be seen that the new compounds of this invention exert the 
stunting or dwarfing effects on lawn grasses for a long period without significant phytotoxic effects and 
without deteriously affecting the appearance (particularly the color) of the grass, so that the compounds of 
this invention are useful to reduce the need for mowing the grass swards. 

Example 23 

This Example illustrates the improvements in quality of rice seedlings by application of the compounds 
of this invention. 

Emergent seeds of aquatic rice ("Kinmaze" Variety) were sown in a rice-planting case of 30 x 60 cm in 
size, then covered with soil and irrigated with water. The compounds under test were formulated into an 
emulsifiable concentrate as stated in Example 17 which was then diluted with water so that the diluted 
emulsions contained the active ingredient at the concentrations as indicated in Table 8 below. The diluted 
emulsions so formulated were sprayed onto the soil surface at the rate of 20 ml per case. The cases were 
then kept in a thermostatic chamber at 30°C for 3 days and further placed in a greenhouse. When the nee 
seedlings in untreated plots had reached the stage of 2.5 leaf age, the height of seedlings, leaf age and dry 
weights of the foliage parts (stems/leaves) and roots of the treated and untreated plants were measured. 
Some members of the seedlings were washed with water, and then the seedlings were transplanted into 
and placed at an angle of 45° in a pot flooded with water to 2 cm depth, after cutting the roots into the 
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constant length of 2 cm. 10 Days later, the rising angle of the seedlings and the chlorophyll content of their 
""■EL" reLCare e sho^?n d Table 8 below, where the assessment particulars other than the rising angle 
are percentages based on the results ^^SXSSS^f^ of 

It will be seen from Table 8 that the compounds of this invention can . M ^* 9 ^^S ed 
rice seedlings in a planting case, promote the growth of roots and accelerate the rooting of transplanted 

rice seedlings. 
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Example 24 , M . 

This Example demonstrates that the salts of the cyclohexane compounds of the formula (la> according 
to this invention have reduced influences on eyes in contact with the latter. 

31 Rabbite (Femate, "Japan White" Variety, 4 months-age) of which eyebaHs were ^ Itom 

5 no damaqe by a check with 5% aqueous fluorescein sodium solution were fixed on a fixing table. 100 mg of 
5 were' dropped into the left eyes of the rabbits and 

one second, after which the rabbits were placed in a breeding case The nght eyes 2 ™"^™° 
untreated for control. Eye-examinations were made 24 hours and 2, 3, 4, 7, ^J^^J^^l^ 
treatment. The stimulus responses were evaluated in respect of various observations as indicated in Table 
io 9, and the results are set out in Table 10. 

TABLE 9 

COm (A) Opacity-Turbidity (the most opaque region of cornea was examined) were estimated by the 

is following scales: 

Scale 1 : Sporadical or diffusive opacity occurred 

to such extent that iris still remained 
clearly visible. 

Scale 2: Opacity occurred to such extent that fine 

20 parts of iris were somewhat dimly visible. 

Scale 3: Opacity occurred to such extent that fine 

parts of iris were indistinct and the size 

of pupil is visually distinguishable with 

difficulty. 

25 Scale 4: Opacity occurred to such extent that iris 

was not visible. 

(B) Area suffering from corneal damage (denoted as "Area" below) was scaled as follows: 
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Scale 1 : 0 < "Area" < 1 

Scale 2: * ^ "Area" < i 

Scale 3: i ^ "Area" < i 

Scale 4: I ^ "Area" 

A value of a product of scale (A) x scale (B)x5 was calculated and indicated as "Evaluation scores'' of 
stimulus to cornea in the following Table 10, but this calculated value did not extend over the maximum 
value 80 even for the worst case. 

Iris . 
(A) Scale 1: one or more signs of acceleration of wrinkle 

formation, hyperemia, swelling and hyperemia 

of corneal surroundings in iris were detectable 

but reflection response of iris to light was 

still good. 

Scale 2- one or more signs of no reflection response 

of iris to light, bleeding and wide-spread 
breakdown were detectable. 

A value of a product of scale (A) x 5 was calculated and indicated as -Evaluation seres'' of stimulus to 
iris in Table 1 0, but this calculated value did not extend over the maximum value 10 even for the worst case. 

^"(A^Redness (only the redness developed in the eyelid conjunctiva was examined.) 
Scale 1: Acceleration of hyperemia was observed. 

Scale 2: Wide-spread, deep-color redness and difficulty 

in identification of vasa were observed. 
Scale 3: Wholly-spread, deep-color redness was observed. 
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w 



15 



20 



(B) Chemosis 
Scale 1 : 

Scale 2: 

Scale 3: 

Scale 4: 



(C) Secreta 
Scale 1 



Scale 2: 
Scale 3: 



Acceleration of chemosis (including nictitating 
membrane) was observed. 
Swelling associated with partial valgum of 
eyelid was observed. 

Eyelid closing (in about half region) associated 
with swelling was observed. 
Eyelid closing (about half to whole region) 
with swelling was observed. 

More than ordinary amount (excluding the small 
quantity of secreta usually observed in inner 
canthus of healthy animal) of secreta was observed. 
Secreta was formed in the amount to wet and stain 
eyelid and also hairs contact with eyelid. 
Secreta was formed in the amount to wet and stain 
eyelid and also the eye surroundings over a 
fairly wide region. 



A value of a product of [scale (A) + scale (B) + scale (C)l x 2 was JSSSfthl 
"Evaluation scores" in term of secreta in Table 12, but this calculated value did not extend over the 
maximum value 20 for the worst case. 
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TABLE 12 



Compound 
No. tested 



Compound 
No 48 



Compound 
No. 68 



Compound 
No. 87 



Compound 
No. 88 



Compound No. 9 
(comparative) 



Body j 
I weight (kg) I 


2.5 2.6 2.5 : 


5.7 3.0 2.7 I 


3.0 2.6 2.5 : 


2.5 


2.5 


2.1 


2.7 : 


2.6 : 


2.6 


I 24 hours I 


0 


0 


0 I 


0 


5 


0 I 


0 


0 


0 


0 


0 


0 I 


20 


15 


20 1 


I 2 days | 


0 


0 


0 


0 


0 


0 I 


0 


0 


0 


0 


0 


0 


20 


15 


20 


I 3 days 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


20 


10 


15 


CQ | | 

1 

£ 1 4 days 

o 1 1 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


20 


10 


20 


j 7 days I 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


20 


5 


5 


1 14 days I 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


5 


0 


0 


I 21 days I 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 Average 


0 I 


0.2 


0 I 


0 


11.4 


24 hours 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


5 


0 


0 


1 2 days 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


5 


0 


0 


3 days 


0 


0 


o I 


0 


0 


0 


0 


0 


0 


0 


0 


0 


5 


0 


0 


4 days 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


CO I 

— 7 days 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 14 days 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


21 days 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


I Average 


0 


0.2 


0 


I 0 


1 0,7 


I I 24 hours 


4 


2 


2 


2 


4 


2 


6 


4 


6 


0 


0 


0 


8 


8 


6 


} I 2 days 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 6 


4 


4 


j I 3 days 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1 2 


0 


0 


I CQ 1 

~ 4 days 
I « I 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


2 


0 


0 


I c I 
§ 7 days 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


I ° ! 

u I 14 days 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


I I 21 days 


I 0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 



Average 
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Claims 
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1. A cyclohexane compound of the general formula: 

,0 




(I) 



wherein (i) R is a hydrogen atom or an alkyl group and then R' is an alkyl group, an unsubstituted or 
SSd benWl groupfa phenethyl group, a phenoxymethyl group or a 2-th.enylmethyl grouper [»)H .s 
an alMtnioalk7g?oup;a phenyl group or substituted phenyl group and then Is an ™£*^J« 
substituted benzyl group, a phenethyl group, a phenoxymethyl group or a 2-th ,e nylmethy i group, or a salt 
of said cyclohexane compound (I) with an inorganic or organic cation; with the proviso thatwheoa 
compound fTfo^ula Us such that R is hydrogen or alkyl and R 1 is alkyl. then said compound is in the form 

° f 3 1 A Compound according to Claim 1, in which R is a hydrogen atom or an alkyl group. 

3. A compound according to Claim 1 in which R 1 is an alkyl group. „„h„ n 

4. A compound according to Claim 1 in which both R and R 1 are each an alkyl group of 1-8 carbon 

atom . 8 A compound according to Claim 1 in which R la an alkyl group which is chosen from methyl, ethyl, n- 
^aSKKJ^ "nwK Ri is an alky, group which is chosen from methyl, ethyl, 

n " P T V A Jompo^nd according to Claim 1 which is a salt of a compound selected from 3,^ioxo-4- 
propionylcydohexa^^ acid methyl ester; 3,5-dioxo^propionylcyclohexanecarboxyl^ ac.d n- 

Sropy° e£er 3 5-dioxo-4-butyrylcyclohexanecarboxylic acid; 3.5-dioxo^buty,ylcyclo^ 
add ethvl ester- 3 5-dioxo-4-butyrylcyclohexanecarboxylic acid n-propyl ester; 3,5-d.oxo-4-butyryl- 
cSctheSnecSboxylic add°sopropyI ester; 3,5-dioxo-4-butyry.cyclohexanecarboxyhc . acid 
3;5-dioxo-4-butyrylcyclohexanecarboxylic acid ■ isopentyl ester; 3,5-d.oxo-4-.sobutyrylcyclohexane- 
carboxylic acid ethyl ester; and 3,5-dioxo-4-acetylcyclohexanecarboxylic acid. 

formula: n 

C 

CR 3 da) 
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general formula: 




(lb) 



wherein R 2 and R 3 are as defined in Claim 9 and M represents an organic or inorganic cation. 

Ti l A compound according to Claim 9 which is a salt of the cyclohexane compound represented by the 

general formula: 

O 
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(Ic) 
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general formula: 



40 




(Id) 



0 



wherein R 3 is as defined in claim 9 and M represents an organico \^^^^ qMm compound 
13. A compound according to any one of claims 1 to 12 which ' s a J a ™ ne a ^Xe earth metal, 
with an inorganic cation which is selected from cations of an alkali metal, an alkaline eairn m 

16. A process for the production of a cyclohexane compound as claimed in Claim 1 , wnicn comp 

the steps of: — 

(a) reacting a compound of the formula (ill): 

ROC — ' « < III} 



45 



SO 



55 



60 




or a compound of the formula (IV): 

OH 




CIV) 



wherein R is as defined above and M' is an alkali metal atom, with an organic acid chloride compound of 
the formula (V): 



O 

(V) 



R 1 — C — CI 

wherein R 1 is as defined above, in an organic solvent and/or water as 

oTabsence of a base as an acid-binding agent to produce the compound of the formula (VI). 

o 

ill 



ROC 



OCR' 



65 wherein R and R 1 are as defined above. 
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(b) subjecting the compound of the formula (VI) to intermolecular rearrangement in the presence of a 
catalyst which is chosen from 4-N,N-di methyl ami no pyridine, 4-N,N-diethylaminopyridine, 4-pyrolidino- 
aminopyridine, N-methylimidazoie, and N-ethylimidazole to produce the compound of the formula (I): 



w 




ROC-/ V CR X (I) 



wherein R and R 1 are as defined above, and 

(c) if appropriate, reacting the compound of the formula (I) with an inorganic or organic cation to 
produce the salt of the compound (I) with said inorganic or organic cation. 
is 17. A process according to Claim 16, in which the step of reacting the compound (111) or (IV) with an 
organic acid chloride (V) to produce the compound (VI) is carried out in a mixture of water and an organic 
solvent and in the presence of y-picoline as a phase transition catalyst. 

18. A process according to Claim 16, in which the step of subjecting the compound (VI) to 
rearrangement to produce the compound (I) is carried out in the presence of 4-N,N-dimethylaminopyridine 

20 as the catalyst. 

19. A plant-growth regulating composition comprising as active ingredient a cyclohexane compound 

as defined in claim 1. - . 

20. A plant-growth regulating composition comprising as active ingredient a salt of a cyclohexane 

compound having the general formula: 
25 0 

O 

II 



30 




x (Ia) 



35 



wherein R 2 represents a hydrogen atom or an alkyl group and R 3 represents an alkyl group 
21. A composition according to Claim 20, in which the salt is of the general formula: 



40 




(lb) 



wherein R 2 and R 3 are as defined in Claim 20 and M represents an organic or inorganic cation. 
22. A composition according to Claim 20, in which the salt is of the formula: 



45 

.0 



50 



Mo4AV CR 3 < IC > 



ss wherein R 3 and M are as defined in Claim 21. 

23. A composition according to Claim 20, in which the salt is of the formula. 
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wherein R 3 and M are as defined in claim 21. „„ nmnnnt of a 

24. A method of regulating the growth of plant, which comprises applying an effective amount ot a 
cyclohexarTe compound of the formula (I) or a salt thereof as claimed in Claim 1 to the foliage or seed of the 
plant to be treated or to the soil or locus where the plant to be treated is grown. , aa -. inn fl 

25. A process for the preparation of a compound as claimed in claim 9. which comprises reacting a 
compound of formula la with an organic or inorganic cation to produce a corresponding salt thereof. 



Patentanspruche 

10 1. Cyclohexanverbindung der allgemeinen Formel: 

O '° 
II 

ROC- 

15 




(I) 



worin (i) R ein Wasserstoffatom Oder eine Alkylgruppe und R dann eine Alkylgruppe, eine unsubsti u.erte 
i0 oder substitoierte Benzylgruppe, eine Phenethylgruppe, eine ^ n ^ m ^^J^ bs ^J e 
Thienylmethylgruppe ist oder (ii» R eine Alkylthioalkylgruppe, erne Phe"ylgruppe odwau^ierta 

vShSS SEKSSS 1, worin R eln Wasserstoffatom oder eine Alkylgruppe ist. 

3. Verbindung nach Anspruch 1, worin R 1 eine Alkylgruppe ist. Aikwtanmna mit 1—8 

4. Verbindung nach Anspruch 1. worin R als auch R jeweils eine Alkylgruppe mit 1 

30 TTSrtSKiS* Anspruch 1. worin R eine Alkylgruppe. ausgewah.t unter Methyl. Ethyl, n-Propyl. 
,SOP 6° ^SSSA ISXSSS^^ eine Alkylgruppe ausgewah, unter Methyl, Ethyl, n-Propy.. 
Isopropyl, ist Anspruch 1( die e in Salz einer Verbindung ist, ausgewahlt unter 3,5-Dioxo-4- 

35 proptaXc^ Wlml ^^ 

ester 3 SDioxo-4-butyryicyclohexankarbonsaure, 3,5-Dioxo^butyrylcyclohexanterbonsaureethy ester, 

iSioxoibutJrJ^ 3 ' 5 - Di ? X °^ b ^^ C L°^ X h^3 
propylester, 3.5-Diox(Ht-butvrylcyclohexankarbonsaure-n-butylester, 3 't 0 \ M ^ b ^Vioi^oX 
u kartonsVureisopentylester, 3;5-Dioxo-4-isobutyrylcyclohexankarbonsaureethylester und 3,5-D,oxo-4- 

acetylcyclohexankarbonsaure. 

8 Sal2 von 3,5-Dioxo^propionylcyclohexankarbonsaureetnyl ester. . llMll 6«nd' 
9. ^tiM^x^a Anspruch I die ein Saiz einer Cyclohexanverbindung der allgemeinen Formel. 



45 




(la) 
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allgemeine Formel: 



60 




(lb) 



ist. worin R 2 und R* wie in Anspruch 9 definiert sind und M ein organisches oder anorganisches Kation 



65 darstellt. 
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11. Verbindung nach Anspruch 9, die ein Salz der Cyclohexanverbindung, dargestellt durch die 
allgemeine Formel 

Ho4^~\ CR 3 CIO 

ist, worin R 3 wie in Anspruch 9 definiert ist und M ein organisches Oder anorganisches Kation darstellt. 

12. Verbindung nach Anspruch 9, die ein Salz der Cyclohexanverbindung, dargestellt durch die 
allgemeine Formel 



55 




(Id) 



ist, worin R 3 wie in Anspruch 9 definiert ist und M ein organisches oder anorganisches Kation darstellt. 

13. Verbindung nach einem der AnsprOche 1 bis 12, die ein Salz der Cyclohexanverbindung mit einem 
anorganischen Kation ist, ausgewShlt unter Kationen eines Alkalimetalls, eines Erdalkalimetalls, 
Aluminium, Nickel, Kupfer, Mangan, Kobalt, Zink, Eisen und Silber, als auch unter Ammoniumkationen. 

14. Verbindung nach einem der AnsprOche 1 bis 1 2, die ein Salz der Cyclohexanverbindung der Formel 
(la) mit einem organischen Kation ist, das ein substituiertes Ammoniumkation ist, wobei der Substituent an 
dem Ammoniumkation eine Alky!-, hydroxyalkyl-, Alkenyl-, Benzyl-, Halo-benzyl-, Pyridyl-, Alkylpyndyl 
oder eine Poiymethyienkette, gegebenenfalls, unterbrochen durch ein Sauerstoffatom, ist. 

15. Verbindung nach Anspruch 9, ausgewahlt unter [Bis-{2-hydroxyethyl)]ammoniumsalz von Etnyl- 
3,5-dioxo-4.propionyl-cyclohexankarboxylat, Natriumsalz von Ethyl-3,5-dioxo^propionyl-cyclohexan- 
karboxylat, Dinatriumsalz von 3,5-Dioxo-4-propionyl-cyclohexankarbonsaure, Bis-{[bis-{2-nydroxyetnyl)J 
amoniumlsalz von 3,5-Dioxo-4-propionyl-cyclohexankarbonsaure und [Bis-(2-hydroxypropyl)]ammonium- 
salz von Ethyl-3,5-dioxo-4-propionyl-cyclohexankarboxylat. 

16. Verfahren zur Herstellung einer Cyclohexanverbindung nach Anspruch 1, das die foigenaen 

Schritte umfaSt: 

(a) Imsetzen einer Verbindung der Formel (III) 

OM' 

ROC — / ^ dl 1 ) 




oder einer Verbindung der Formel (IV) 




(IV) 



o 

worin R wie oben definiert und M' ein Alkalimetallatom ist, mit einer organischen, Saurechloridverbindung 
der Formel (V) 



O 

60 I 

R'-C-CI M 



65 
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worin R- wis oben definiert 1st in --m °rgan^ 

Reaktionsmedium in Anwesenheit oder Abwesenhert e.ner Base als saureoinoenaes mm 

der Verbindung der Formel (VI) 



10 




(VI) 



15 



Formel (I) q 



20 



O u- C 

y / \ Li (i) 




25 



30 



35 



^"X^ ^ Forme. (!) mH einem ^^^^ 

mit S^SSS^^S^M zur Herstellung der Verbindung (VI) in M Mtachung- vor ■ Wasse 
und einem frganischen Losungsmittel und in Anwesenheit von v-P'tol.n als e.ne Phasenubergangs 

^tZ^n^^pruch 16, worin der Schritt, bei dem die Verbindung (VI) einer Um.agerung 
unterworf^ Verbindung (I) in Anwesenheit von 4-N.N-dimethylam,no P yndm als 

^r^n^wafhsS Zusammensetzung, umfassend als aktiven Bestandtei. eine 

CVU 1o° h p£n^ umta-nd als aktiven Bestandtei. ein Sa.z 

einer Cyclohexanverbindung der allgemeinen Formel 



40 



45 




(la) 



50 



worin R 2 ein Wasserstoffatom oder eine Alkylgruppe und R* eine AMg^f 
21. Zusammensetzung nach Anspruch 20, worm das Salz d.e allgememe Formel 



55 




(lb) 



so aufweist, worin R 2 und R 2 wie in Anspruch 20 definiert sind und M ein organisches oder anorganisches 
Kation darstellt 



65 
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22. Zusammensetzung nach Anspruch 20, worin das Salz die Formel 



O 




(IC) 



O 



w aufweist, worin R 3 und M wie in Anspruch 21 definiert sind. 

23, Zusammensetzung nach Anspruch 20, worin das Salz die Formel 



35 



40 




(Id) 



20 

aufweist, worin R 3 und M wie in Anspruch 21 definiert sind. __ ari . r wirk8amen 

24. Verfahren zur Regulation des Pflanzenwachstums, umfassend das Auftragen 3'" e ;. w ^ 
Mange einer Cyclohexanverbindung der Formel (I) oder eines Salzes davon gemaS ^pruch 1 auf das 
Uub Oder den Samen der zu behandelnden Pflanze oder aus den Boden oder Standort auf dem die zu 

25 behandelnde Pflanze wachsen soil. . . o<a+ _ ori e ; nAr 

25. Verfahren zur Herstellung einer Verbindung nach Anspruch 9, umfassend das Umseteen e ner 
Verbindung der Formel la mit einem organischen oder anorganischen Kation zur Herstellung eines 
entsprechenden Salzes davon. 

30 Revendications 

1. Derive de cyclohexane de formule generate: 

JO 



CR U> 



dans laquelle (i) R est un un atome d'hydrogene ou un groupe alkyle et R 1 est alors un groupe alkyle, un 
groupe benzyle non substitue ou substitue, un groupe phenethyle, un groupe phenoxymethyle ou un 
groupe 2-thienyl methyle, ou (ii) est un groupe alkylthioalkyle, un groupe phenyle ou un groupe phenyle 
substitue et R 1 est alors un groupe benzyle non substitue ou substitue, un groupe phenethyle, un groupe 
phenoxymethyle ou un groupe 2-thienyl methyle; ou un sel dudit derive de cyclohexane (I) a cation mineral 
ou organique; sous reserve que, lorsqu'un compost de formule I est tel que R est un hydrogene ou un 
alkyle et R 1 est un alkyle, ledit compost soit sous forme d'un sel. 

2. Compost selon la revendication 1, dans lequel R est un atome d'hydrogene ou un groupe alkyle. 
50 3. Compose seion la revendication 1, dans lequel R 1 est un groupe alkyle. 

4. Compose selon la revendication 1, dans lequel R et R 1 sont chacun un groupe alkyle de 1 a 8 atomes 
de carbon e. 

5. Compose selon la revendication 1, dans lequel R est un groupe alkyle choisi parmi methyle, ethyle, 
n-propyle, isopropyle, n-butyle, isobutyle et isopentyle. 

6. Compose selon fa revendication 1, dans lequel R 1 est un groupe alkyle choisi parmi methyle, ethyle, 

n-propyle et isopropyle. 

7. Compose selon la revendication 1, qui est sel d'un compose choisi parmi I'ester methylique de 
I'acide 3,5-dioxo-4-propiony level ohexanecarboxylique; I'ester n-propylique de I'acide 3,5-dioxo-4- 
propionylcyclohexanecarboxylique; I'acide 3,5-dioxo-4-butyry level ohexanecarboxylique; I'ester ethylique 
de I'acide 3,5-dioxo-4-butyrylcyclohexanecarboxylique; I'ester n-propylique de I'acide 3,5-dioxo-4- 
butyryicyclohexanecarboxylique; I'ester isopropylique de I'acide 3,5-dioxo-4-butyry level o- 
hexanecarboxylique; I'ester n-butylique de I'acide 3,5-dioxo-4-butyrylcyclohexanecarboxylique; I'ester 
isopentylique de I'acide 3,5-dioxc-4-butyrylcyclohexanecarboxylique; I'ester ethylique de I'acide 3,5-dioxo- 
4-isobutyrylcyclohexanecarboxylique; et I'acide 3,5-dioxo-4-acetylcyclohexanecarboxylique. 

8. Sel de I'ester ethylique de I'acide 3,5-dioxo-4-propionylcyclohexanecarboxylique. 
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9. Compose selon la revendication 1 qui est un sal d'un derive de cyclohexane de formule generale: 




(la) 



0 



generale: 



is 




(lb) 



20 dans laquelle R 2 et R* sont definis comme dans la revendication 9 et M represente un cation organlque ou 

"""IT.'' Compose selon la revendication 9, qui est un sel du derive de cyclohexane represente par la 
formule generale: 
25 .O 

(Ic) 

35 generate: 




40 




(Id) 
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dann laquella R- « data! oomm. dm <. revendication 9 9t M ^"^St^SI. 

de formule (la) a cation organique qui est un cation ammonNffl f n ^J!S; l inpyridyle,un 
ammonium etant un alkyle. un hydroxyalkyle, un alc6nyie, un benzyle, , h ^^^?oSSne. 
alkylpyridyle ou une chatne polymethylene eventuellement f"™^ Pf^^ du 3,5- 

* 15. Compose selon la revendication 9 chofe. , pann.: le sel de tb'S-(2-hydroxyethyl)lammon. 



55 



carboxylique; le sel de bis-Ubis-lz-nyaroxyemynid »»»"'"•' h« q MlmS-4- DroDionvlcyclohexane- 
hexanecarboxylique; et le sel de [bis-G-hydroxypropyOlammomum du 3,5-d.oxo-4 propiony.cyc 

~*tZS*3ft& la production d'un derive de cyclohexane selon la revendication 1, qui comprend lea 
60 Stapes consistant a: 



65 
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(a) faire reagir un compose de formula (III): 



ROC 




jo ou un compost de formula (IV): 



(III) 



15 
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II 



ROC 




(IV) 



20 dans lesquelles R est deflni comme ci-dessus et M' est un atome de metal alcalin, avec un chlorure d'acide 
organique de formule (V): 

u 
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(V) 

dans laquelle R 1 est deflni comme ci-dessus, dans un solvant organique et/ou I'eau comme milieu 
reactionnel, en presence ou en I'absence d'un base comme agent fixant les acides, pour produire le 
compose de formule (VI): 

O 

II i 

J -T \ 




dans laquelle R et R 1 sont deiinis comme ci-dessus, 

(b) soumettre le compose de formule (VI) a une transposition intermoleculaire en presence d un 
catalyseur choisi parmi la 4-N,N-dimethylaminopyridine, la 4-N,N-diethylaminopyndine, la 4.pyrrolidino- 
aminopyridine, le N-methylimidazole, et le N -ethyl imidazole, pour produire le compose de formule \\). 



(I) 




CR* 



dans laquelle R et R 1 sont definis comme ci-dessus, et . ia nr>ttr 

(c) le cas echeant, faire reagir le compose de formule (I) avec un cation mineral ou organique pour 
produire le sel du compose (I) ayant ledit cation mineral ou organique. 

17. Procede selon la revendication 16, dans lequel I'etape de reaction du compose (III) ou (IV) avec un 
chlorure d'acide organique (V) pour produire le compose (VI) est effectuee dans un melange d eau et d un 
solvant organique et en presence de y-picoline comme catalyseur de transition de phase. 

18. Procede selon la revendication 16, dans lequel I'etape consistant a soumettre le compose (VI) Z une 
transposition pour produire le compose (I) est effectuee en presence de 4-N,N-dimethylaminopyndine 

comme catalyseur. . ... ^ ia u ll „^- z 

19. Composition regulatrice de la croissance des plantes comprenant comme ingredient actif un derive 

de cyclohexane comme d6fini dans la revendication 1. 
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20. Composition regulatrice de la croissance das piantes compranant comma ingredient actif un sal 
d*un derive de cyclohexane repondant a la formule generale: 



R -OC 



0 r-4 \ 



(la) 



O 

W dans laquelle R* represents un atome d'hydrogene ou un groupe ^^T^l^X ^ 
21 Composition selon la revendication 20, dans laquelle le set repond a la formule generale. 



15 



20 




(lb) 



25 



dans laquelle * at « sont definis comma dana la revendication 20 at M represente un cation organique ou 
"'IS Composition selon la revendication 20. dans laquelle le sel repond a la formule: 



30 




CR 



(Ic) 
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dans laauelle R 3 et M sont definis comme dans la revendication 21. * rtrmil i ft . 
23 S selon la revendication 20, dans laquelle le sel repond a la formule. 



40 




(Id) 



45 



50 



dana laquelle R 3 et M sont definis comma dans la ^"dication . 21. ,. aDD , ication d 'une quantite 

24. Precede de regulation de la croissance les piantes qui c°mprend i I aPP"«™ on o ^ 
afficace d'un derive de cVclohexane de formule (I) ou d'un da ^^^^^^^^S^SSdi 
sur le feuillage ou les graines. de la plante a tra.ter ou sur le sol ou site ou la plante <a traiter es 

25. Procede pour la preparation d'un compose salon la ^^^.^]^^^SS 
compose de formule (la) avec un cation organique ou mineral pour produ.re un sel corresponoan 
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